A T5 mutant whose DNA has two sites where single-chain interruptions occur with a higher frequency than in wild-type DNA was isolated. Both sites occurred within the same strand as do the natural interruptions in T5 DNA, and both were due to alteration of the mechanism that generates the interruptions.
Single-chain interruptions occur with variable frequencies at fixed sites within one strand of the DNA of bacteriophage T5 (1, 4) . The locations of the most frequently occurring interruptions have been determined (6, 10) , but little is known about either the functional significance of these sites or the mechanism that is responsible for their introduction. As one approach towards answering these questiorts, Rogers et al. (8) isolated a series of interruption-deficient T5 mutants. These mutants, all of which are fully viable, either lack individual interruptions (site mutants) or have reduced frequencies of all of the interruptions. Analysis of the latter group of mutants has defined two structural genes, sciA and sciB, that are required for the presence of interruptions in T5 DNA. The sciA and sciB genes are located in a late gene region, ca. 85% from the left end of T5 DNA (B. LangeGustafson and M. Rhoades, unpublished data) .
This report describes a viable T5 mutant, designated T5HA641, that has an increased frequency of single-chain interruptions. As was the case with the interruption-deficient mutants, T5HA641 was isolated by screening mutagenized phage particles for changes in the electrophoretic pattern of single-stranded fragments that is characteristic of denatured T5 DNA. As described below, T5HA641 has at least two sites where interruptions occur with a higher frequency than in wild-type DNA. Both changes appear to be due to a single mutational alteration within or close to one of the T5 sci genes.
A comparison of the single-chain fragment patterns of denatured T5HA641 and wild-type DNAs is shown in Fig. 1 , lanes 1 and 2. The most prominent feature of the mutant DNA is the presence of two fragments that either do not occur or occur with a much lower frequency in wild-type DNA. In addition, the intensities of the band containing fragments 8 and 9 and the band containing fragment 16 are both greater in HA641 DNA than in wild-type DNA. The magnitudes of these increases, based on electrophoresis of 32P-labeled DNAs, are 25% for fragments 8 and 9 and 77% for fragment 16 . Denatured T5 DNA also contains over 20 low-molecular-weight fragments that are not visible in Fig. 1 . No difference was observed between HA641 and wild-type DNAs in this size range (data not shown).
The new fragments that appear in T5HA641 DNA were localized by methods similar to those used to map the singlestranded fragments in wild-type DNA (6) . The (6, 9) .
All DNAs have the st(102) deletion (7 Fig. 1 . The progressive digestion of fragment 3, which extends from 64.8 to 99.6%, is evident in lanes 3 through 7 of (A) and (B).
resulted in reduction in size and loss of both fragments. The results in Fig. 2 also indicate that the intensity of the fragment that extends from 64.8 to 99.6% is lower in HA641 DNA than in wild-type DNA. These results suggest that both of the new fragments in HA641 DNA extend leftward from a new interruption located 6 to 9% from the external 5' terminus of the naturally interrupted strand in T5 DNA (Fig.  3) . 8 .4% of T5 DNA that is terminally repetitious (7). The st(102) deletion extends from 21.9 to 32.2% from the left end of T5 DNA (7) . The more prominent single-chain fragments of T5 DNA are labeled with numbers in the lower part of the figure. A more complete fragment map is given in reference 7. Fragments 7' and 13' occur in T5st(102) DNA as shortened versions of wild-type fragments 7 (Fig. 3) . As indicated in Fig. 4 , the new interruption in HA641 DNA maps 50 base pairs to the left of (and is thus not distinguishable from) the left boundary of the terminal repetition at the right end of T5 DNA. Although perhaps coincidental, it is of interest that this interruption occurs at one of the sites where the concatemeric intracellular forms of T5 DNA must be cleaved to produce mature progeny genomes (3) .
The other alterations in the single-chain fragment pattern of T5HA641 DNA, the increased intensity of fragments 8 or 9 (or both) and 16, can be explained by an increase in the frequency of the minor interruption that occurs at 45.3% in wild-type DNA (6) (Fig. 3) . Evidence in support of this interpretation is given below.
The increased interruption frequency at two sites in T5HA641 DNA can be explained in one of two ways. Either independent mutations have created two sites where interruptions occur with increased frequency or a mutation at a different locus has altered the specificity of the mechanism that generates the interruptions. If the first alternative is correct, then it should be possible to separate the two sites of increased interruption frequency in HA641 DNA by recombination. However, only genomes with either the wild-type or the full HA641 pattern of single-chain fragments were observed when over 100 progeny from several crosses involving HA641 and the wild type were analyzed by gel electrophoresis. Since normal levels of recombination were observed for other markers in these crosses, it is likely that crossing over was occurring between the two sites of increased interruption frequency. To verify that recombination was occurring, T5HA641 was crossed with T5HA73-16. a mutant that specifically lacks the 45.3% interruption (8) . This cross yielded recombinants that retained the new interruption at 91.6% but were devoid of interruptions at 45.3% (Fig. 1, lane 4) . The existence of such progeny demonstrates that one of the sites of increased interruption frequency in HA641 DNA is either identical to or overlaps the interruption that normally occurs at 45.3%. Two of these recombinants were then crossed with the wild type, and in each case, progeny with the full HA641 phenotype were obtained (Fig. 1, lane 6) . The locus that is responsible for the increased interruption frequency at 45.3% is thus not closely linked to the 45.3% site.
The possibility that the HA641 phenotype is due to a mutation in or close to one of the .s(i genes was tested by crossing T5HA641 against phage carrying am)nHA676, an allele of the sciA gene that confers an amber interruptiondeficient phenotype (8) . A sample of 95 progeny from two crosses yielded, in addition to both parental types, 3 wild types and 1 double mutant. Although only small numbers are involved, this level of recombination suggests that the HA641 mutation is located in either sc iA or a closely linked gene. The HA641a,tnHA676 double mutant resembled HA641 when grown on an Sup' host and had an interruption-free phenotype when grown on Sup-bacteria. The complete absence of interruptions under the latter conditions indicates that the increased interruption frequency in T5HA641 is dependent on the sdiA gene.
Attempts to explore directly the functional relationship between HA641 and the interruption-deficient mutations were not successful. Mixed infection with T5HA641 and the wild type yielded wild-type and mutant progeny, indicating that the wild type and HA641 are codominant (Fig. 1, lane 3) . Codominance was also observed for pairwise infections involving HA641 and either s(iA or s(iB mutants (data not shown). Although clearly of interest, the codominance of these alleles precludes complementation analysis with HA641 . Further efforts to analyze the relationship between HA641 and the s(ciA and sciiB genes will be made by recombinant DNA technology. An attractive possibility is that the HA641 mutation has occurred in a previously unidentified sCi gene, possibly one in which mutations conferring interruption deficiency are lethal. Regardless of its location, the HA641 mutation alters the mechanism that generates interruptions in T5 DNA and should be valuable in analysis of the molecular basis of this phenomenon.
